Cell membrane association of proteins can be achieved by the addition of lipid moieties to the polypeptide chain, and such lipid-modified proteins have important biological functions. A class of cell surface proteins contains a complex glycosylphosphatidylinositol (GPI) glycolipid at the C-terminus, and they are accumulated in cholesterol-rich membrane microdomains, i.e. lipid rafts. Semisynthetic lipoproteins prepared from recombinant proteins and designed lipids are valuable probes and model systems of the membrane-associated proteins. Because GPI-anchored proteins can be reinserted into the cell membrane with the retention of the biological function, they are appropriate candidates for preparing models via reduction of the structural complexity. A synthetic headgroup was added to the 3β-hydroxyl group of cholesterol, an essential lipid component of rafts, and the resulting cholesterol derivative was used as a simplified GPI mimetic. In order to quantitate the membrane integrated GPI mimetic after the exogenous addition to live cells, a tritium labeled cholesterol anchor was prepared.
Introduction
A unique class of cell membrane-associated proteins contains a C-terminal glycosylphosphatidylinositol (GPI) moiety, and these lipoproteins associate with the outer leaflet of the membrane bilayer via the lipid chains of the GPI molecule. GPI-anchored proteins are functionally diverse including enzymes, cell adhesion molecules, receptors, complement regulatory proteins, immunoproteins and further proteins (e.g. prion protein) with unknown functions. [1] It was shown that their biological functions were retained after exogenous addition to membranes, [2] [3] [4] [5] therefore semisynthetic lipoproteins containing diverse reporters in the headgroup of the lipid moiety can be valuable probes for investigating GPI-anchored proteins. [6] [7] [8] [9] [10] [11] [12] [13] The GPI moiety directs the attached protein towards the extracellular space and locates the attached protein in special membrane microdomains, i.e. lipid rafts. Because cholesterol maintains the dynamic lipid-lipoprotein associates of GPI-anchored proteins, sphingolipids and cholesterol, [14;15] it is hypothesized that cholesteryl lipoproteins may also be accumulated in lipid rafts. [16] Based on the finding that cholesteryl poly(ethylene glycol) ethers accumulate in cholesterol rich membranes and their cytotoxicity is low, [17] we have recently prepared a cholesterol derivative containing both a maleimide and a fluorescent reporter in the headgroup for protein conjugation and imaging, respectively. It was shown that after protein conjugation the semisynthetic cholesteryl lipoprotein could be purified via a β-cyclodextrin inclusion complex that made the cholesterol moiety soluble in polar solvents. Then the lipid excessand detergent-free lipoprotein could be introduced into the cell membrane of live cells with minimal disruption of the membrane, and the fluorescence of the headgroup could be unambiguously assigned to the attached protein. [18] In order to further study the membrane associated cholesteryl lipoproteins it is important to quantitate the lipoprotein incorporated into the cell membrane. It can be achieved by determining the radioactivity of cell membrane preparations or intact cells treated with a tritium labeled analogue of the anchor molecule. Herein we report our results on the preparation and biological application of a tritium labeled cholesterol derivative designed for that purpose.
Experimental
The purity of all reagents and solvents were analytical or the highest commercially available grade.
Protected propargylglycine (Pra) and 5-amiofluorescein were purchased from Bachem Feinchemicalen AG (Bubendorf, Switzerland), coupling reagents and substituted di(ethylene glycols) were obtained from Calbiochem-Novabiochem AG (Läufelfingen, Switzerland). Other chemicals were from Sigma Ltd. (St. Louis, MO, USA). Tritium labeling was carried out in a self-designed vacuum manifold, [19;20] radioactivity was measured with a Packard Tri-Carb 2100 TR liquid scintillation analyser using Hionic- Boc-Pra-OH (60 mg, 281.4 μmol) was dissolved in 1 ml of DMF, and it was added to the solution of cholesteryl 1-azido-13-oxo-3,6,9-trioxa-12-azahexadecan-16-oate [18] 
Cholesteryl (S)-1-(4-(2-amino-2-carboxyethyl)-1H-1,2,3-triazol-1-yl)-13-oxo-3,6,9-trioxa-12-azahexadecan-16-oate 4
Compound 3 
Cholesteryl (S)-1-(4-(2-carboxy-2-(3-(maleimido)propanamido)ethyl)-1H-1,2,3-triazol-1-yl)-13-oxo-3,6,9-trioxa-12-azahexa-decan-16-oate 5
The amino acid derivative 4 (140 mg, 153.2 µmol) and DIEA (61 μL, 350.4 µmol) were dissolved in MeOH (4 ml) and 3-maleimidopropionic acid N-hydroxysuccinimide ester (56.0 mg, 210.4 µmol) was added. The mixture was stirred for 3 h at room temperature and then it was evaporated in vacuo. 
Fluorescent cholesterol anchor 6
The maleimide derivative 5 (50 mg, 52.6 μmol) and HATU (20.0 mg, 52.6 μmol) were dissolved in THF (5 ml) and DIEA (9.1 μL, 52.6 μmol) was added to the solution. It was stirred for 5 min followed by the addition of fluorescein amine (54.8 mg, 157.8 μmol) in THF (2 mL). The reaction mixture was stirred for 16 h at room temperature, then it was evaporated in vacuo and the crude product was It was evaporated in vacuo and the crude product was dissolved in HFIP and it was purified by HPLC 
Results and Discussion
Our earlier studies revealed that a maleimide functionalized fluorescent cholesterol derivative is capable of anchoring proteins to the plasma membrane of live cells. [18] The headgroup of the anchor molecule contains a diethylene glycol residue which increases the polarity of the molecule and exposes the attached protein toward the extracellular space. When applied in a form of β-cyclodextrin inclusion complex, the headgroup fluorescence of the cholesterol anchor can be used for the unambiguous visualization of the attached protein after cell membrane delivery. In order to determine the membrane concentration of the cholesterol anchor, a tritium labeled analogue (8) was designed. Using this compound, the quantitation of the membrane incorporated protein anchor can be achieved by measuring the radioactivity of cell membranes preparations or intact cells. For this purpose a defined position of the radioactive label is crucial. Although [1, [2] [3] H]cholesterol complexed with β-cyclodextrin was reported to use for the fast enrichment of cell membranes with labeled cholesterol, [21] and it was also used in studying the cyclodextrin-mediated cholesterol transfer between different lipid layers, [22] cholesterol labeling is not appropriate for our purposes. The headgroup of the cholesterol anchor can be enzymatically removed via the hydrolysis of the cholesteryl ester, and as a result the labeled cholesterol moiety remains in the cell membrane and the unlabeled headgroup is released to the cell culture medium. In this case the membrane radioactivity is not affected by the presence or lack of the headgroup, and the process cannot be detected resulting in overestimation of the amount of the membrane associated cholesterol anchor. In contrast, if the tritium label is incorporated into the headgroup of the anchor molecule, enzymatic removal of the headgroup will result in decreasing radioactivity of the cell membrane preparation, and also emerging the labeled headgroup in the cell culture medium.
In order to introduce the radioactive label into the cholesterol anchor headgroup, a convergent synthetic strategy was applied. The tritium label was incorporated into a small molecule that was Based on earlier observations on isotopomer radioligands, [20;23] the tritium label was introduced via an aliphatic compound instead of aniline to increase the radiolytic stability of the labeled anchor molecule. N-Aminopiperidine was chosen for that purpose, because it is less basic than cyclohexylamine, [24;25] hydrochloride revealed that the conversion of 4-bromopiperidine was complete. Furthermore, the deuterium incorporation level was estimated by an ESI-MS analysis. It was found that 0.9 deuterium atoms/piperidine molecules were incorporated on average, but isotopologous species containing two or three deuterium atoms were also identified ( Figure 1 ). These results suggested that this precursor is satisfactory for achieving an approximate molar activity of 1 TBq/mmol. In the next step analysis of the concentration and radioactivity of the labeled anchor 8 was performed by RP-HPLC via UV and radioactivity detection using a calibration curve made by 7. The specific activity of the tritiated cholesterol anchor 8 was found to be 1.37 TBq/mmol that is higher than the theoretical value. Beyond catalytic dehalotritiation, the catalytic exchange becomes significant and increases the specific activity. [23] The ESI-MS analysis of the deuterium labeled piperidine also indicated catalytic exchange reactions. It is important to note that the convergent synthetic strategy ensures that all the tritium atoms are localized in the piperidine ring of the headgroup, because after the tritium gas reduction of 4-bromopiperidine further transformations do not affect the tritium distribution.
The control compound 6, a fluorescent GPI anchor mimetic was used to assess the membrane association property of the designed [ 3 H]anchor. The solubility of 6 was investigated in an aqueous medium before the imaging application. It was found that the amphiphile 6 partially dissolved in a serum free medium as micellar associates and the remaining portion formed precipitates. The resulting heterogeneous mixture was incubated with 10 eq β-cyclodextrin that forms water-soluble inclusion complexes with cholesterol and 3β-hydroxyl-modified cholesterol derivatives. [26] This way 0.5 mM aqueous solution of the cholesterol amphiphile was prepared. Then SH-SY5Y cells were treated with 1 μM of the inclusion complex of 6 for 30 min. After delivering to live SH-SY5Y cells, an intensive membrane staining was observed, i.e. 6 incorporated into the cell membrane similarly to our original anchor [18] (Figure 3) . It indicates that a slight modification in the α-amino acid function of the head- 
